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Abstract 
The purpose of this study was to investigate the undergraduate students’ performance and the methods to find the factorization of 
a determinant of n*n dimensional matrix. The participants were seventy-one undergraduate mathematics students from Yildiz 
Technical University. The study was qualitative in nature. The participants were asked to find the factorization of determinant of 
given matrix. The data was analyzed by researchers jointly. Four different methods were used by students. These methods could 
be categorized as traditional and non-traditional methods. Along with the abstract form of the matrices and the dimension of 
matrices were identified as main factors for students to use different approaches but the dimension of a matrix affects  the 
students’ performance negatively.   
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Linear algebra is an abstract field of mathematics which was used to introduce MA and PhD levels in Turkish 
Universities until 1960. After that it has been lectured at undergraduate level. The importance of linear algebra 
topics can be discussed in two dimensions. The first one is the applications of linear algebra not only to mathematic 
departments but also to other departments of faculties of arts and science, engineering faculties and even social 
sciences. And the second one is creating a base for abstract lectures which is introduced in the sophomore year. 
Since Linear algebra course is one of the most important subjects of mathematics, which are the basis of abstract 
algebra, students are  required to learn them at a higher level (Ozdag&Aygor, 2011). 
Linear Algebra is one of the first courses of advanced mathematics at University level (Klapsinou&Gray, 1999). 
Linear algebra represents, with calculus, the two main mathematical subjects taught in science universities. 
However, this teaching has always been difficult. In the last two decades, it has become an active area for research 
in mathematics education in several countries. In most universities, science-orientated curricula contain the courses, 
namely, calculus and linear algebra. Mathematics education research first developed works on calculus, but in the 
past 20 years, many studies have been carried out about the teaching and learning of linear algebra (Dorier, 2002). 
One can distinguish roughly two main traditions in the teaching of linear algebra: one focuses on the study of formal 
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vector spaces, while the other proposes a more analytical approach based on the study of nR  and the matrix 
calculus. Between these two orientations, there exists a continuum of teaching design, in which each pole is more or 
less dominant. However, the teaching of linear algebra is universally recognised as difficult. Students usually feel 
that they land on another planet, and they are overwhelmed by the number of new definitions and the lack of 
connection with previous knowledge. On the other hand, teachers often feel frustrated, and disarmed when faced 
with the inability of their students to cope with ideas that they consider to be so simple. (Dorier, 2002). 
Interesting applications are very helpful for motivating the students, and motivation is one of the most important 
factors of effective learning.  Linear algebra is widely used in many areas of engineering, computer science, 
communication science, and some other branches of mathematics as well, so there are abundant examples from 
which to choose from. The only problem here is how to choose (Zhang, 2004). In our opinion, lecturers should teach 
concrete examples first, and then abstract ones during linear algebra courses. 
Uhlig (2003) developed the philosophical and pedagogical background for teaching an elementary Linear Algebra 
course. This approach is different from the general linear algebra teaching method that a linear algebra course 
should start with concrete, practical and examples then progress to the general concepts and theorems (Aydın,2009). 
According to Klapsinou and Gray, the position of Linear Algebra, as an initial course of advanced mathematics, 
implies that a bias towards either concrete or abstract approaches may cause difficulties. Developing a Linear 
Algebra course based on the computation-to- abstraction approach does not imply that the students will not be 
introduced to both the concrete and the abstract aspects of the course. However, putting the emphasis on the 
“concrete”, may sway the students towards overlooking the “abstract”. As a result, their conceptual images become 
enriched in processes but not in objects. It is widely accepted that undergraduate students have to make a significant 
cognitive shift from school mathematics to advanced mathematical thinking. To this end, it is imperative that the 
balance between concrete and abstract not only be maintained but safeguarded in every possible manner (Klapsinou 
& Gray, 1999). 
Conceptual examples and exploratory introductions are what enable abstract understanding of linear algebra. Instead 
of giving concrete examples, we need to expose the basic structure and the concepts of Linear Algebra from within 
and build on them. To communicate the essence of Linear Algebra is quite easy. Linear Algebra can speak strongly 
and clearly to our students; we just need to let the forces within Linear Algebra guide us. We can develop both 
'concepts` and 'applications` and then bridge the gap, say, between abstract linear transformations and concrete 
network flow problems by using 'computations`. Such an approach makes the course vibrant and viable. Some of the 
concepts and some of the applications will take time to comprehend. But they will be understood (Uhlig, 2003). 
Linear Algebra is a unifying and generalizing theory. The unifying and generalizing nature of linear algebra has a 
didactical consequence: it is difficult to motivate the learning of new theory because its use will be profitable only 
after it may have been applied to a wide range of situations. (Dorier, Robert, Robinet, &Rogalski, 2000). 
2.  Research 
The research comprised of a case study of first year undergraduate mathematics students from Yildiz Technical 
University. Seventy-one students participated in the study. After the lecture is given on the subject of a 
determinant, it’s asked from the students to find the factorization of a determinant of n*n dimensional matrix which 
is prepared on abstract form. Students were asked to write the answer on A-4 form paper and then they had 30 
minutes to solve the question. The purpose of this study was to investigate how many different methods were used 
by students below and to evaluate their performance.  According to students’ methods of resolution, performance 
evaluation is shown. 
How many students solved the question completely? 
How many students half-solved the question? 
How many students were unable to solve the question? 
Students used traditional and non-traditional methods for solution. We investigated which one of them was preferred 
by the students. 
2.1.The aim of the research 
The aim of this study is to figure out the impact of different teaching methods on understanding topic of 
determinant. In this study we investigated the performance of the students to find the factorization of determinant of 
n*n dimensional matrix, which is in abstract form, and shows a way for academicians who teach linear algebra 
courses or want to write a linear algebra book. 
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2.2. . Participants 
The students used in this study were 71 freshman enrolled in a linear algebra course of mathematics program at 
Yildiz Technical University in Turkey during the fall semester of 2010-2011 academic years. 
2.3. Question used in research  
 
The students were asked to answer this question in order to obtain research data. The questions were checked for 
reliability and validity by experts in the field. 
 
Problem: Find the factorization of the following determinant of dimension n*n 
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3. Findings 
The methods that the students used are scanned below without any changes. 
  
Method I: All rows of A (except the first row) were multiplied by 1 and added to the first row and then the common 
factor was found. 
 
i.  Complete solution   (1 student)                                                                    ii.  Half- solution  ( 9 students) 
 
Method II: All columns of A (except first column) were multiplied by 1 and added to the first column and then the 
common factor was found. 
i.  Complete solution   (9 students)                                              ii.  Half- solution  (5 students) 
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Method IV: Any row of A was multiplied by  (-1) and added to the other rows; 
 
Method III : Any column of A was multiplied by  (-1) and added to the other columns;  
i.  Complete solution   (0 students) 
ii.  Half- solution  (6 students) 
i.  Complete solution  (0 students)  
ii.  Half- solution  (5 students) 
 
 
 
The number of participants unable to solve the question: 36 
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solve it when it was asked from the same students to find the factorization of a determinant of n*n dimensional 
matrix, which was given in abstract form. The number of students who participated in the study changed, ultimately 
it was demonstrated that students have the knowledge of solution methods for abstract examples, however, we saw 
that the dimension of determinant affects the performance of the student negatively. 
 
We observed that the students solved the concrete problem, which was given before, using a routine process without 
any thought. Also when the students were asked an abstract example, their rate of success dropped. After examples 
of this style were given by the lecturers, another abstract question was asked at a different time, we saw that the 
student had developed their perspective and more students got the answer correct Ozdag & Aygor (2011). Two 
weeks later, when the same students were asked to find the factorization of a determinant of n*n dimensional matrix 
which was prepared in abstract form, we saw that the students’ performance was low. 
 
Table 3.1   Students’ Performance 
 
 Before the abstract 
Examples are given 
       After the abstract 
   Examples are given 
      After the abstract 
     Examples are given 
                          Determinant of 3*3 dimensional  Determinant of n*n dimensional 
Unable to  solve 
 
41 
 
20 
 
36 
Half-solved 
 
48 
 
43 
 
25 
Solved the question completely 
 
18 
 
35 
 
10 
Total 
 
107 
 
98 
 
71 
As shown in the table above, the number of students unable to solve the question before the abstract examples were 
given is 41. This number dropped to 20 after the abstract examples were given. Later, 36 of the students unable to 
 
Tablo 3.2 Determinant of n*n dimensional matrix 
 
                                Traditional methods                                     Non-traditional methods 
 Method 1  Method 2     Method 3 Method4 
 
Students 
 
10 
    
      14 
        
         6 
        
      5 
 
As a result of the research, we saw that the students predominantly prefer the traditional methods. The table above 
shows the distribution of traditional and non-traditional solution methods. 
4.Comments and Recommendations 
As shown in the table above, in order to improve the knowledge of students while teaching the determinant of 
matrix it is better to give concrete examples first, then it is appropriate to give the abstract examples later. However, 
dimensional of determinant is important for students to absorb the subject better. Although the students can calculate 
the determinant of 3*3 dimensions easily, in a determinant of high dimension matrix questions, it is shown that 
students were unable to display the same performance and success. It is useful to ask abstract form questions to 
motivate students to think more.  
Not only is it important to have many abstract form and high dimension determinant questions in books, but also 
lecturers should emphasize this subject to develop the students’ perspective. 
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